 A postoperative cognitive dysfunction (POCD) mouse model was established.  MSC-conditioned medium (MSC-CM) improves behavioral function in POCD mice.  MSC-CM exerts anti-inflammatory and antioxidant effects in POCD mice.  MSC-CM increases BDNF expression in the brain tissues of POCD mice.
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Introduction
Postoperative cognitive dysfunction (POCD) refers to the cognitive dysfunction reflected by persistent memory loss, attention loss, diminished interest and hobbies, as well as reduced comprehension after surgical anesthesia, and it often occurs in elderly patients requiring surgical anesthesia [1] . The main susceptibility factors of POCD include aging combined with hypertension, diabetes mellitus, coronary heart disease and other basic diseases, type and time of operation, type of anesthetics, anesthetic method and so on [2] . POCD does not only hinder patient rehabilitation, but also seriously affects their social adaptability and imposes heavy psychological and economic burden upon the patients and their families. Therefore, it is of great clinical significance to explore the approaches for effectively treating POCD.
The pathological mechanisms of POCD are considered to encompass a complex processes involving multiple cells and molecules. They are mainly related to the pathogenesis of inflammatory responses of the central nervous system, oxidative stress, free radical damage and metabolic disorder of neuroprotective factors [1, 3] . It was reported that inhalation of isoflurane and sevoflurane could lead to cognitive dysfunction in mice, increase the release of inflammatory cytokines such as IL-1β, IL-6 and TNF-α in the hippocampus and other central nervous regions, and activate the NF-κB signaling pathway [4] . In addition, the imbalance between the production of oxidative free radicals and the antioxidant capacity of the central
nervous system is also considered as an important aspect. For example, in the mouse model of cognitive dysfunction induced by lipopolysaccharide, Superoxide Dismutase (SOD) activity is decreased while the content of the oxidative stress marker Malondialdehyde (MDA) is increased. In addition, SOD expression in the central nervous system of mice is increased while MDA is decreased by acetaminophen therapy with antioxidative effects [5] . Meanwhile, studies found that the expression levels of brain derived neurotrophic factor (BDNF), nerve growth factor (NGF), vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF) and other neuroprotective factors are altered in POCD, while curcumin, exercise and electroacupuncture increase the levels of neuroprotective factors and activate the corresponding signaling pathways to alleviate POCD [6, 7] . Therefore, the key to POCD treatment is to develop drugs that could effectively intervene the above pathogenesis.
Mesenchymal stem cells (MSCs) are widely used in regeneration and repair of various tissues and organs, such as nerves, the uterus, the myocardium, the lung, the bone, the skin and so on [8] . Remarkably, recent studies revealed that mesenchymal stem cell-conditioned medium (MSC-CM) has anti-inflammatory, antioxidative, tissue regenerative and injury protective effects due to high levels of secreted BDNF, NGF, VEGF, bFGF and other active proteins by mesenchymal stem cells [9] . Therefore, MSC-CM has been widely assessed for the treatment of various diseases, including bronchial asthma [10] , osteoarthritis [11] and skin trauma [12] .
Nevertheless, whether MSC-CM has protective effects in POCD remains largely unknown.
Therefore, in this study, we established a mouse model of POCD, and injected the animals with the prepared MSC-CM to evaluate its effects by examining behavioral function of mice in
the Morris water maze. In addition, the mechanisms of action of MSC-CM were explored from the aspects of inflammation of the central nervous system, oxidative stress, and BDNF expression in brain tissues.
Materials and methods

MSC-CM preparation
Sprague Dawley (SD) rats (male, 6-8 weeks old) were purchased from Chengdu Dashuo Laboratory Animal Co., Ltd., China, at room temperature (22 ± 1 ˚C) with a 12/12 hours light/dark cycle and access to food and water ad libitum. All animal experiments involving the use of rats and mice in this study were approved by the Institutional Animal Care and Use Committee of Sichuan University. saline.
The Morris water maze
Mice of the three groups were trained three times a day in the Morris water maze for one week before operation. The mice were tested again 1, 3 and 7 days, respectively, after operation.
The test of Morris water maze was divided into two parts. 
Statistical analysis
Data are presented as mean ± standard deviation (SD). The GraphPad prism 8.0 software (San Diego, CA, USA) was used for graphing. The SPSS 13.0 software (IBM; Armonk, NY, USA) and ANOVA (Analysis of variance) were used for statistical analysis. A P˂0.05 was considered to indicate a statistically significant difference.
Results
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MSC-CM improves behavioral function in POCD mice
To validate the cognitive dysfunction mediated by left liver lobectomy in mice, the Morris water maze was performed at 1, 3 and 7 days, respectively, after operation. Compared with the control group, mice in the POCD group displayed prolonged latency times ( Figure 1A) , and decreased times of crossing the platform ( Figure 1B ), especially at 3 days after operation,
indicating that the mouse model of POCD was successfully established by left live lobectomy.
In addition, the therapeutic effects of MSC-CM on behavioral function were assessed. Figure 1B ), indicating that MSC-CM could improve behavioral function in POCD mice.
MSC-CM exerts anti-inflammatory effects in POCD mice
At 3 days after left liver lobectomy, ELISA was carried out to detect the amounts of 
MSC-CM exerts antioxidant effects in POCD mice
MDA reflects the oxidative levels of tissue cells. At 3 days after left liver lobectomy, we evaluated MDA levels in the brain tissue in three mice groups by ELISA. As shown in Figure   3 , MDA content in the brain tissue increased significantly 3 days after operation (0.68), and MSC-CM partially attenuated this increase (0.55). These results indicate that oxidative stress played an important role in the occurrence and development of POCD, while MSC-CM exerted certain antioxidant effects on POCD.
MSC-CM increases BDNF expression in the brain tissues of POCD mice
At 3 days after left liver lobectomy, Western blot was performed to detect BDNF protein levels in the brain tissues of mice in various groups. As shown in Figure 4 , BDNF expression in the brain tissue was decreased significantly 3 days after operation (45.82), and MSC-CM partially reversed the decrease of BDNF (62.18), indicating that reducing BDNF expression and inhibiting its associated signaling pathway may be involved in the pathogenesis of POCD.
Meanwhile, MSC-CM could promote BDNF expression in the brain tissue and play a protective role in POCD.
POCD is a common complication of the central nervous system after surgical anesthesia, which often hinders the rehabilitation of patients and imposes heavy psychological burden upon patients and their families. Currently, the main treatment measures include administration of cholinesterase inhibitors, cerebral blood flow improvement and memory enhancement, but effective drugs are still lacking [13] . It has been shown that POCD is mainly associated with inflammation of the central nervous system, oxidative stress, free radical damage and metabolic impairment of neuroprotective factors. Therefore, the key to POCD treatment is to block the above pathogenetic processes [14, 15] . In this study, we confirmed the therapeutic effects of
MSC-CM in a mouse model of POCD, and demonstrated that the protective roles of MSC-CM
were associated with reduced inflammation, attenuated oxidative stress, and increased BDNF expression in brain tissues.
Recent findings indicate that mesenchymal stem cell therapy not only participates in tissue repair by directionally differentiating cells into damaged tissues, but also secretes various growth-promoting factors and vascular endothelial growth factors [16, 17] . These protective factors can interact with the surrounding cells, creating a favorable microenvironment for tissue regeneration and repair. Therefore, MSC-CM has been assessed for the treatment of various diseases in recent years, including bronchial asthma [10] , osteoarthritis [11] and skin trauma [12] . Although MSC-CM has anti-inflammatory and antioxidative effects while promoting the secretion of cytoprotective factors as shown in previous studies, it remains unclear whether it plays a therapeutic role in POCD. Therefore, our study on the biological roles and mechanisms
of MSC-CM in POCD has a high value in basic research and clinical application.
It has been reported that bone marrow mesenchymal stem cells cultured in serum-free medium for 48 hours have a high antioxidant capacity [18] , which may be due to the increased secretion of protective factors under serum-free conditions. Therefore, in this study, serum-free culture conditions were adopted to prepare MSC-CM. Left liver lobectomy was performed in relatively aged C57BL/6 mice, whose behavioral function was monitored 1, 3 and 7 days after operation, respectively, by the Morris water maze. The results showed that cognitive function in mice was decreased significantly after operation, especially at 3 postoperative days,
indicating that left liver lobectomy-induced POCD was successfully established. Since the cognitive dysfunction of POCD mice was most severe 3 days after operation, we selected this time point in subsequent experiments to examine the levels of inflammatory factors, MDA and BDNF in mice brain tissues.
Xu et al. [19] found that peripheral surgical trauma induces TNF-α, IL-6 and CD33 expression as well as microglial activation in the hippocampus, leading to inflammation of the central nervous system and promoting the occurrence and development of POCD. Meanwhile, ibuprofen could alleviate the release of inflammatory cytokines and microglial activation, thus delaying the pathological process of POCD [19] . Therefore, central nervous system inflammation is considered as an important pathological mechanism of POCD [3, 20] . In agreement, this study demonstrated that the expression levels of IL-1β, IL-6 and TNF-α in the brain tissues were increased significantly after operation. Remarkably, MSC-CM could reverse this trend, thus exerting anti-inflammatory effects.
BDNF is mainly expressed in the central nervous system, and plays important roles in neurogenesis, brain trauma, ischemic cerebral trauma, ischemic brain injury and other physiological processes [21, 22] . Chen et al. [23] found that BDNF and associated signaling pathways play important roles in cognitive dysfunction after isoflurane anesthesia. The current study demonstrated that MSC-CM could alleviate the decrease of BDNF caused by surgical modeling. This effect might be due to accumulation of MSC-CM-derived BDNF in the brain tissue, or increased BDNF secretion that was mediated by other cytokines derived from MSC-CM.
Conclusions
In Animal grouping and treatments were the same as in Figure 1 . At 3 days after operation, mice 
